Introduction: Recurrent pleural effusion is a common cause of dyspnoea, cough and chest pain during the course of malignant diseases. Chemical pleurodesis had been the only definitive treatment option until two decades ago. Indwelling pleural catheters (IPC) emerged as an alternative, not only assuring immediate symptom relief but also potentially leading to pleurodesis in the absence of sclerosing agents. Methods: In this single-centre retrospective observational study patient characteristics, procedural variables and outcome in a large population of patients with IPC in malignancy were evaluated and prognostic factors for pleurodesis were identified. Results: From 2006 to 2016, 395 patients received 448 IPC, of whom 121 (30.6%) had ovarian, 91 (23.0%) lung and 45 (11.4%) breast cancer. The median length of IPC remaining in place was 1.2 months (IQR, 0.5-2.6), the median survival time after insertion 2.0 months (IQR, 0.6-6.4). An adequate symptom relief was achieved in 94.9% of all patients, with no need for subsequent interventions until last visit or death. In patients surviving ≥30 days after IPC insertion, pleurodesis was observed in 44.5% and was more common in patients < 60 years (HR, 1.72; 95% CI, 1.05-2.78; p = 0.03). The use of an additional talc slurry via the IPC was highly predictive for pleurodesis (HR 6.68; 95% CI, 1.44-31.08; p = 0.02). Complications occurred in 13.4% of all procedures (n = 60), 41.8% concerning infections (local infections at the tunnel/exit site (n = 14) and empyema (n = 11)), and 98.3% being low or mild grade (n = 59). Complication rates were higher in men than women (18.6 vs. 12.4%, p = 0.023). Conclusion: High efficacy in symptom relief and a favourable safety profile confirm IPC as suitable first line option in most malignant pleural effusions. The study presents the largest dataset on IPC in gynaecologic cancer to date. Gender-specific differences in complication rates warrant further study.
Background
Recurrent pleural effusion is a common cause of dyspnoea, cough and chest pain in malignant diseases. Approximately 15% of these patients develop malignant pleural effusion (MPE) during the course of their disease [1] . Survival is very limited with an average of 5.5 months in lung cancer, 13 months in breast cancer and 24 months in ovarian cancer [2] [3] [4] . In contrast, paramalignant pleural effusion is disease-associated, though not caused by malignant cells directly infiltrating the pleura, but rather resulting from lymphoid or bronchial obstruction, infiltration of the thoracic duct (leading to chylothorax), cachexia or the treatment itself [5, 6] . For slowly regenerating effusions, repeated thoracenteses might be justified, but in general, a definitive procedure should be pursued [7] . Chemical pleurodesis, especially with talc (TP), has been the sole definitive treatment option for decades. Efficacy rates between 60 and 90% have been reported, but the longer patients survive the more pleurodesis failures occur [8] [9] [10] . Further, TP may be associated with severe complications, particularly acute respiratory failure. Lastly, the procedure is not feasible in cases of lung entrapment, e.g. in parenchymal restriction due to bronchial obstruction.
Indwelling pleural catheters (IPC) emerged as an alternative two decades ago. The catheter is placed percutaneously, and the procedure can be performed in an outpatient setting [11] . Although its primary objective is symptom relief via repeated drainage, pleurodesis in the absence of any sclerosing agent occurs in approximately 45% of the cases [12] . A Cochrane network meta-analysis from 2016 stated that IPC confer highly clinically relevant benefits for patients, making them an appropriate firstline treatment option [13] . Beyond that, IPC offer a satisfying option for patients not suitable for TP due to lung entrapment. Third, IPC have a favourable safety profile, as most of the rare complications can easily be managed [14, 15] . Last, not pleurodesis itself, but a durable symptom relief and patient comfort should be the main goals in these patients [7, 16] . In comparison with TP, the time spent periprocedurally in hospital is much shorter with IPC [17] . In the TIME2 trial, use of an IPC was associated with higher readmission rates due to procedure-related complications. However, patients spent substantially less time in hospital in the year after the procedure as compared to those with TP [18] . These results were confirmed in the multicentre Australasian Malignant Pleural Effusion (AMPLE) Trial and the Dutch NVALT-14 trial [19, 20] . Finally, IPC and a subsequent TP via the catheter may also be combined, as shown in the IPC-PLUS trial [21] . For these reasons IPC are increasingly used and have partially replaced TP in the setting of MPE.
The purpose of the present study was to evaluate clinical outcomes with IPC in the general setting of malignancy. Secondary goals were to assess survival outcomes depending on patient and clinical variables and to determine predictors of pleurodesis, thus helping physicians to better guide clinical care.
Methods
For this retrospective single centre study, patients with an underlying malignancy and having received an IPC due to symptomatic recurrent pleural effusion treated at the Department of Infectious Diseases and Pulmonary Medicine at the Charité -Universitätsmedizin Berlin were identified by using a departmental database and the hospital's clinical reporting system. Approval for the study was obtained from the Charité -Universitätsmedizin Berlin ethics committee (EA2/037/18). Data on patients' baseline demographics, tumour entity, aetiology of pleural effusion, catheter laterality, pleurodesis, complications, time of catheter removal, need for subsequent procedures and day of last follow-up or death were collected. MPE had to be proven by cytology, whereas paramalignant and cytology-negative pleural effusions were diagnosed in the absence of radiologic suspicion of pleural carcinosis and repeated (n ≥ 2) negative fluid cytology.
Pre-interventional pleuroscopies or pleural biopsies were not routinely performed. All catheters (PleurX®, CareFusion, San Diego (CA), USA) were placed in the endoscopy unit, ultrasound-guided and under local anaesthesia by a pulmonologist. Prophylactic periinterventional antibiotics were not routinely administered. Every patient was revisited at least once the day after IPC placement in the endoscopy unit. Outpatient drainage was performed by either a specialized ambulatory care service or the patients themselves. According to the local standard of care, gravity bags were employed rather than vacuum bottles. They are mainly used in Germany assuring a slow and comfortable drainage. Patients were instructed to connect a gravity bag daily until the fluid accumulation decreased to less than 200 ml in 24 h, then the interval was extended to a two-day regimen. Pleurodesis was assumed in the presence of less than 200 ml of pleural effusion per week and was defined as successful if no further intervention was needed after catheter removal. All complications were graded using the Clavien-Dindo classification for surgical complications. Thus, grade I/II complications only require pharmacologic, grade III surgical, endoscopic or radiological interventions. Grade IV is life-threatening, grade V denotes a procedure-related death [22] .
Follow-up data were obtained from the department's clinical database, from practitioners and from the Charité hospital tumour documentation system. Loss to follow-up was defined as missing data ≥30 days between last documented visit and death.
Statistical analysis
Demographics and disease data were described and compared using the Pearson Chi 2 -test, Fisher's exact test or Mann-Whitney-U test, according to the level of measurement. Binary logistic regression analyses were used to identify factors associated with pleurodesis. Overall survival was assessed with the Kaplan-Meier method in two different ways: OS1 was defined as the interval in months between diagnosis of the malignancy and death, OS2 as the interval in months between IPC insertion and death. P-values comparing survival curves were calculated with log-rank tests. Univariate Cox regression analysis was performed on a set of baseline patients, tumour and treatment characteristics to identify predictors of survival. Concerning pleurodesis and complications, Cox analysis with a time-dependent covariate was performed to exclude immortal time bias. Furthermore, multivariate Cox regression was applied to the explanatory variables with statistical significance in univariate analysis. All analyses were performed using IBM SPSS statistics version 24 (IBM, Armonk, NY, USA). A p-value < 0.05 (two-tailed) was defined as statistically significant.
Results
Between 2006 and 2016, 395 patients received 448 IPC. In contrast to other published case series, the majority of patients suffered from ovarian cancer (n = 121, 30.6%). Baseline demographics are shown in Table 1 . Supply with an IPC was preceded by either at least two thoracenteses or a chest tube in 275 procedures (61.3%). In 46 cases (10.3%), an IPC was used following TP failure. 53 patients (13.4%) received bilateral IPC with a median delay between placements of 7 days (range 1-562, IQR 3.8-48.5). Per definition, IPC had to be in-situ simultaneously. Bilateral effusions were significantly correlated to patients with ovarian cancer (19.8% vs. 10.6% in the remaining entities, p = 0.002). MPE accounted for 346 effusions (77.2%), with the highest percentage in breast cancer followed by ovarian and lung cancer (100 vs. 92.1 vs. 85.9%, p = 0.03). The other causes were disease-associated but cytology-negative effusions (n = 71, 15.8%), postobstructive paramalignant effusions (n = 26, 5.8%) or were treatment-related (n = 5, 1.1%). The probability for paramalignant effusions was highest in thoracic malignancies (lung cancer vs. else, p = 0.002).
Median follow-up for all patients was 1.5 months (range, 1 day-89.8 months; IQR, 0. 6-4.8) . At data cut-off (March 31, 2017), 20 patients were still alive (5.1%), 324 had died (82.0%), 51 were lost to follow-up (12.9%). 135 patients (34.2%) expired less than 30 days post procedure, 74 (54.8%) before discharge from hospital. Median catheter permanence was 1.2 months for all patients (range, 1 day-23.6 months; IQR, 0.5-2.6) vs. 2.1 months a Values are given as "median (range)" b Stomach cancer: n = 14, colorectal cancer: n = 8, oesophageal cancer: n = 7, anal cancer: n = 2 c Hepatocellular cancer: n = 9, Klatskin cancer: n = 7, pancreatic cancer: n = 6, gallbladder cancer: n = 5 d Lymphoma: n = 13 (7x B-NHL, 4x CLL, 2x T-NHL), multiple myeloma: n = 7, leukaemia: n = 2 (1x ALL, 1x AML) e Endometrial cancer: n = 6, cervical cancer: n = 6, vulvar cancer: n = 3 f Melanoma: n = 7, renal cell cancer: n = 6, CUP: n = 4, prostate cancer: n = 4, thyroid cancer: n = 2, mesothelioma: n = 1, thymic cancer: n = 1 (IQR, 1.3-4.4; p < 0.001) in those surviving at least 30 days.
Efficacy and pleurodesis
To determine the efficacy, we investigated the need of subsequent invasive procedures. Follow-up data were available for 410 procedures demonstrating no need for additional interventions in 94.9% until last visit or death. Thoracenteses or second chest tubes after IPC removal were performed 21 times (5.1%), of those 14 (3.4%) due to a preceding IPC-related complication and 7 (1.7%) after TP failure. Pleurodesis was documented in 128 procedures (28.6%) with a median onset time of 55.5 and 56 days in ovarian and lung cancer vs. 183 days in breast cancer (p = 0.001; remaining entities 44.5 days). An additional talc slurry pleurodesis via the IPC was successfully performed in 10 of 14 procedures (71.4%). To exclude a negative bias of patients not surviving long enough to develop pleurodesis, we further examined the subgroup of patients surviving ≥30 days (n = 271 patients/283 procedures). The resulting higher pleurodesis rate of 44.5% is consistent with previous findings [12] . Following pleurodesis, the catheter was removed in 105 patients (81.7%). Results for logistic regression for pleurodesis are shown in Table 2 . For all procedures (n = 448), age < 60 years (HR 1.62, p = 0.024) and the use of talc slurry via the IPC (HR 6.70, p = 0.002) increased the likelihood of pleurodesis. The predictive effect of complications (HR 2.1, p = 0.002) and bilateral effusions (HR 2.52, p = 0.001) was no longer significant in patients surviving ≥30 days, whereas age < 60 (HR 1.71, p = 0.030) and talc (HR 6.68, p = 0.015) remained predictive. Additionally, using multiple logistic regression, both factors predicted pleurodesis independently.
Complications
Complications occurred in 60 procedures corresponding to 13.4% of all interventions (see Table 3 ), therefrom the majority concerning infections (5.6%; empyema 2.5%, infections at the exit site 2.2%, tunnel infections 0.9%) and catheter malfunctions (5.4%). Using the Clavien-Dindo classification, 59 (98.3%) were graded as mild or OS2; B) ). Survival after catheter insertion (OS2) reached 2.0 months in the entire cohort 
Discussion
Recurrent pleural effusion is frequently observed in the course of malignancy, often marking the final common pathway in many cancer patients. It is associated with a high disease burden as well as morbidity and mortality [1, 5, 7, 16] . Our study presents a large dataset of 395 patients (and 448 catheters) on clinical characteristics and outcomes with IPC in the general setting of malignancy. It is, to the best of our knowledge, the largest evaluation in gynaecologic cancer to date. These patients and those with bilateral effusions had improved survival. The primary goal of symptom control and satisfying palliation without subsequent procedures was achieved in nearly 95% in our investigation, highlighting the efficacy of IPC in the palliative setting [23, 24] . Due to the retrospective character of our study, palliation could only be assessed in an indirect manner focusing on the need of additional (invasive) procedures like thoracenteses or chest tubes. Although this fact may overestimate the effect of IPCas clinical variables like dyspnoea or chest pain may persist despite an adequately working drainage systemthe TIME2 trial has shown comparable results [18] . Ovarian cancer, especially in advanced stages, regularly goes along with (large amounts of) ascites. In our investigation, patients with locally advanced (FIGO stage III) or metastatic ovarian cancer at primary diagnosis (FIGO stage IV) represented 92.6% of all patients. Only 1.6% had stage IA or B. Hence, > 95% also had ascites at the time of primary diagnosis, the number increased to 100% at the time of IPC implantation. Nonetheless, no patient received an abdominal indwelling catheter, emphasizing the importance to control pleural effusion for patient's comfort. As a major contribution to pleural effusion in ovarian cancer is mediated via transdiaphragmatic pleuroperitoneal communications [25] , a durable symptom relief might be achieved using an IPC only.
Pleurodesis is a convenient side effect in IPC. The reported rates widely vary from 10 to nearly 80% with a median pleurodesis rate of 45.6% in a meta-analysis [12] . In our cohort, overall pleurodesis rate was lower (28.6%), although in those patients surviving longer than 30 days after catheter implantation, we achieved a comparable pleurodesis rate of 44.5%. An aggressive daily drainage strategy has been shown to be superior to longer drainage intervals in the ASAP trial, raising the probability for pleurodesis from 24 to 47% (p = 0.003) [26] . The exact way how IPC lead to pleurodesis is unclear, however mechanical irritation causing local inflammation likely contributes to it [27] . As the inflammatory response diminishes with increasing age, younger patients potentially might experience pleurodesis more often. However, as age distribution in our study had a wide range (15-92 years) , this question warrants further well-directed investigation. In contrast, patients in our cohort with lung cancer had a (non-significantly) lower rate of pleurodesis. Close contact of the two pleural layers is a crucial requirement for pleurodesis to occur and is therefore less likely if the adjacent lung tissue is altered, as it is often the case in lung cancer. Proof of an expandable lung was an inclusion criterion in the prospective IPC-PLUS trial, investigating the benefit of an additional TP via the IPC. The combination of both modalities doubled pleurodesis rates without significant additional adverse events and might therefore be a promising option for selected patients [21] . In our study, the 14 patients treated with an additional TP via the IPC experienced a high rate of pleurodesis as well (71.4%). Use of talc slurry was highly predictive for pleurodesis (HR 7.8, p = 0.009). Survival after primary diagnosis (OS1) strongly depends on the cancer entity reflecting tumour biology as well as effective treatments available. Not surprisingly, we observed wide differences, with lung and breast cancer patients on the extremities (7.9 vs. 64.5 months). In contrast, survival after diagnosis of MPE is poor and closely correlates with the extent of the underlying disease [28] [29] [30] [31] . The rather short survival after IPC placement (OS2) may be strongly influenced by a large proportion of patients having received the IPC as a palliative measure for symptom control with limited systemic treatment options available for cancer control. In our cohort, 34.2% of all patients died within 1 month, confirming similar rates reported in the literature [32] . Even in patients with a very limited life expectancy, IPC offer the advantage of an earlier discharge from hospital, if there is a wish for an ambulatory palliative care setting by the individual patient. Unexpectedly, in our cohort, bilateral effusions were a favourable prognostic factor in terms of survival, in contrast to most of the published literature reporting a decreased survival [32] . The high percentage of patients with ovarian cancer who regularly suffer from bilateral effusion [4] is likely to have influenced our results, though prognostic differences between uni-and bilateral pleural effusion have not been described yet [33] . Bilateral effusions were not exclusively correlated to ovarian cancer but the proportion of patients with bilateral IPC was substantially higher (19.8% in ovarian cancer vs. 6.6% in lung and 13.3% in breast cancer). Reasons for the observed survival differences remain speculative. The issue that all patients with ovarian cancer underwent an aggressive abdominal cytoreductive surgery, conferring a well-known prognostic effect, might have contributed to bilateral effusions [25] .
Periprocedural and long-time complications of IPC occur in 10-15% of all patients, which conversely demonstrates that 85-90% do not suffer from any adverse event [12] . The most common ones are infections and mechanical catheter problems. The rates of pleural infections in published series with > 100 patients are generally low, ranging from 1 to 6% [11, 14, [34] [35] [36] [37] [38] , in line with our results of 2.5%. As the most serious infectious complication, empyema typically occurs at least 6 weeks after catheter insertion, direct contamination of the pleura with bacteria during the procedure seems unlikely [15, 35] . The period of time for development of empyema reported in the literature widely varies from 5 weeks up to 3 months [35, 39, 40] . With the reported 3.8 months, empyema occurred rather late in our series. Preventive measures like patient education in handling the catheter properly therefore are the backbone of a well working IPC system. Furthermore, ambulatory care provided by specialized nursing teams may also reduce complications. In this connection, we were able to demonstrate an impressing drop of infections over the reported decade. Thus, empyema is a much feared but rare complication with low mortality rates. The majority of these cases can be treated with antibiotics, without explantation of the IPC system. As rapid evacuation of infected effusions is an important component of therapy, retaining the catheter in situ should be thoroughly considered [35] . Moreover, successfully treated empyema often result in sufficient and lasting pleurodesis. Whereas fibrin deposition leading to pleurodesis is a desired side effect of IPC, insufficiently evacuated pleural effusion may lead to loculated effusions affecting 5-14% of the patients [17, 18, 37, 41] . Similar to pleurodesis, loculation is preceded by a decreasing amount of drained fluid. Attempts to dissolve loculation using intrapleural fibrinolytics have regularly been made in the past (also in our cohort). The recently published TIME3 trial has shown the futility of intrapleural urokinase for nondraining malignant pleural effusion with regard to dyspnoea or pleurodesis. Interestingly, patients in the urokinase group experienced a shorter hospital stay and had improved survival [42] . Rates of mechanical complications in our study were higher in male patients. As the majority were due to occlusions, one might imply a certain carelessness in male patients. On the other hand, the predominance of thoracic malignancies in men (46.2 vs. 7.9%, p < 0.001) implicating certain anatomic particularities favouring obstructions could also have contributed to these gender-specific differences. E. g., the rate of postobstructive effusions was higher in men (10.0 vs. 4.5%, p = 0.04).
Due to the retrospective character, the present study has its limitations. On the one hand, the data give a close insight into management and follow-up of patients with IPC with a low rate of lost to follow-up patients. On the other hand, indication for an IPC is at least partially subject to the physician's discretion and thereby source of selection bias. Moreover, estimation of procedure-related complications may be too low, as some events may have been undocumented in those lost to follow-up. Further, performance status as a relevant prognostic factor was not documented routinely, thereby potentially biasing survival among the different entities. Finally, our cohort may not be representative in the general setting of malignancy-related pleural effusion with the investigational site being part of the European Competence Centre for Ovarian Cancer, thereby reflecting a certain referral bias with the predominance of gynaecologic cancer.
Conclusion
The current investigation provides a large single-centre case series with IPC in malignant diseases with a strong focus on underrepresented gynaecologic cancer in this setting until now. Our study strengthens the estimation of IPC as a feasible first-line option in the management of recurrent pleural effusionefficient in symptom relief and with a favourable safety profile in daily routine. The observed higher rates of mechanical complications in men as compared to women warrant further investigation. With an appropriate patient education and the help of specialized nursing teams, rates of infectious complications are low, even in a long-term setting. 
